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VERTICALLY  MAGNETIZED  MAGNETIC  HEAD. 

®  A  vertically  magnetized  magnetic  head  which  mag- 
netizes  a  magnetic  recording  medium  in  the  direction  of 
thickness  thereof.  A  main  magnetic  pole  film  consisting  of 
a  soft  magnetic  film  having  high  permeability  is  held  by  first 
and  second  junction  blocks  made  of  a  non-magnetic  materi- 
al.  A  laminate  of  layers  formed  by  alternately  laminating  a 
highly  permeable  soft  magnetic  layer  and  a  non-magnetic 
layer  is  provided  in  at  least  one  of  the  above-mentioned 
blocks  at  a  position  where  it  comes  into  contact  with  said 
highly  permeable  soft  magnetic  film,  being  separated  by  a 
predetermined  distance  from  a  position  at  which  the  block 
is  in  sliding  contact  with  the  magnetic  recording  medium. 

2 0 b  

O  
o  

i n  

2 0 a  
2 0 c  

ACTORUM  AG 

57  A  vertically  magnetized  magnetic  head  which  mag- 
netizes  a  magnetic  recording  medium  in  the  direction  of 
thickness  thereof.  A  main  magnetic  pole  film  consisting  of 
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is  in  sliding  contact  with  the  magnetic  recording  medium. 



FIELD  OF  THE  ART 

The  i n v e n t i o n   r e l a t e s   to   a  m a g n e t i c   h e a d   o f  

p e r p e n d i c u l a r   m a g n e t i z a t i o n   t y p e ,   and  more  p a r t i c u l a r l y ,  

to   a  p e r p e n d i c u l a r   m a g n e t i c   h e a d   in   w h i c h   a  m a i n   p o l e   f i l m  

f o r m e d   by  a  m a g n e t i c a l l y   s o f t   f i l m   h a v i n g   a  h i g h   p e r m e a b i l i t y  

i s   h e l d   s a n d w i c h e d   b e t w e e n   a t   l e a s t   a  f i r s t   and  a  s e c o n d  

n o n - m a g n e t i c   b l o c k   w h i c h   a r e   j o i n e d   t o g e t h e r .  

BACKGROUND 

In  a  p e r p e n d i c u l a r   m a g n e t i c   r e c o r d i n g   s y s t e m   i n  

w h i c h   a  m a g n e t i c   r e c o r d i n g   med ium  i s   m a g n e t i z e d   in   t h e  

d i r e c t i o n   of  t h i c k n e s s ,   i t   i s   r e c o g n i z e d   t h a t   t h e   s h o r t e r  

t h e   w a v e l e n g t h   of  a  m a g n e t i z a t i o n   w h i c h   i s   m a g n e t i c a l l y  

r e c o r d e d ,   t h e   l e s s   in   p r i n c i p l e   w i l l   be  t h e   s e l f -  

d e m a g n e t i z a t i o n   w i t h i n   t h e   r e c o r d i n g   m e d i u m ,   a  r e s u l t   t h a t  

i s   s u i t a b l e   in   a c h i e v i n g   a  h i g h   d e n s i t y   r e c o r d i n g   ( r e f e r  

N i k k e i   E l e c t r o n i c s ,   O c t o b e r   25,   1982  I s s u e ,   p a g e s   142  t o  

1 4 3 ) .  

A  p e r p e n d i c u l a r   m a g n e t i c   r e c o r d i n g   r e q u i r e s   a  

r e c o r d i n g   medium  w h i c h   e x h i b i t s   a  p r o n o u n c e d   m a g n e t i c  

a n i s o t r o p y   in   t h e   p e r p e n d i c u l a r   d i r e c t i o n ,   and  a  m a g n e t i c  

r e c o r d i n g   h e a d   w h i c h   d e v e l o p s   a  s t r o n g ,   s h a r p l y   d e f i n e d  

p e r p e n d i c u l a r   c o m p o n e n t   f i e l d .   Known  m a g n e t i c   r e c o r d i n g  

m e d i u m s   w h i c h   e x h i b i t   s u c h   a  p r o n o u n c e d   m a g n e t i c   a n i s o t r o p y  



in   t h e   p e r p e n d i c u l a r   d i r e c t i o n   i n c l u d e s   C o - C r ,   b a r i u m  

f e r r i t e ,   Co-O  and  t h e   l i k e .   A  m a g n e t i c a l l y   s o f t   f i l m   o f  

a  h i g h   m a g n e t i c   p e r m e a b i l i t y   c o m p r i s i n g   F e - N i ,   p e r m a l l o y ,  

e t c . ,   i s   f o r m e d   on  a  f l e x i b l e   b a s e   w h i c h   may  be  f o r m e d   b y  

p o l y e t h y l e n e   t e r e p h t h a l a t e   (PET)  or  t h e   l i k e ,   f o l l o w e d   b y  

C o - C r   f i l m   w h i c h   i s   f o r m e d   t h e r e o n ,   t h u s   p r o v i d i n g   a  t w o  

l a y e r   p e r p e n d i c u l a r   m a g n e t i c   r e c o r d i n g   med ium  w h i c h   i s  

s u i t a b l e   f o r   a  h i g h   d e n s i t y   r e c o r d i n g .  

For   use   as  a  m a g n e t i c   h e a d   w h i c h   d e v e l o p s   a  s t r o n g ,  

s h a r p l y   d e f i n e d   p e r p e n d i c u l a r   c o m p o n e n t   f i e l d ,   t h e r e   i s  

p r o p o s e d   an  a u x i l i a r y   p o l e   e x c i t e d   m a g n e t i c   h e a d   ( r e f e r  

S.  I w a s a k i   and  Y.  N a k a m u r a ;   "An  A n a l y s i s   f o r   t h e  

M a g n e t i z a t i o n   Mode  f o r   H i g h   D e n s i t y   M a g n e t i c   R e c o r d i n g " ;  

IEEE  T r a n s .   on  M a g n . ,   V o l .   MAG-13,  N o .  5 ,   p  1 2 7 2  -   1 2 7 7 ,  

S e p t e m b e r   1 9 7 7 ) .  

Such  a u x i l i a r y   p o l e   e x c i t e d   m a g n e t i c   h e a d   10  i s  

i l l u s t r a t e d   in   F i g .   1.  As  s h o w n ,   i t   c o m p r i s e s   a  m a i n   p o l e  

1,  and  an  a u x i l i a r y   p o l e   2  w h i c h   i s   d i s p o s e d   i n   o p p o s i n g  

r e l a t i o n s h i p   w i t h   t h e   m a i n   p o l e   1  and  i s   s p a c e d   t h e r e f r o m  

by  a  g i v e n   a i r   gap  3,  t h e   a u x i l i a r y   p o l e   c o m p r i s i n g   a  b l o c k  

2a  of  a  h i g h   p e r m e a b i l i t y   m a g n e t i c   m a t e r i a l   s u c h   as  f e r r i t e  

and  c a r r y i n g   a  w i n d i n g   2b  t h e r e o n   w h i c h   i s   u t i l i z e d   to   p a s s  

or  d e v e l o p   an  e l e c t r i c   c u r r e n t   r e p r e s e n t i n g   i n f o r m a t i o n  

s i g n a l .   D u r i n g   a  r e c o r d i n g   and  r e p r o d u c t i o n ,   a  m a g n e t i c  

r e c o r d i n g   m e d i u m  4   i s   p l a c e d   i n t o   t h e   a i r   gap  3  w i t h   t h e  

m a g n e t i z e d   or  m a g n e t i z a b l e   f i l m   of  t h e   med ium  4  p l a c e d   i n  



s l i d i n g   c o n t a c t   w i t h   t h e   l o w e r   end  f a c e   of   t h e   m a i n   p o l e   1 .  

As  shown  in   F i g .   2,  t h e   ma in   p o l e   1  may  c o m p r i s e   a  f i l m   l a  

of   a  m a g n e t i c a l l y   s o f t   m a t e r i a l   h a v i n g   a  h i g h   p e r m e a b i l i t y  

s u c h   as  C o - Z r - N b   ( h e r e a f t e r   r e f e r r e d   to   as  a  m a i n   p o l e   f i l m )  

w h i c h   i s   h e l d   s a n d w i c h e d   b e t w e e n   a  p a i r   of   j o i n e d   m e m b e r s  

s u c h   as  a  m a g n e t i c   member   lb  as  may  be  f o r m e d   f r o m   f e r r i t e  

and  a  n o n - m a g n e t i c   member   lc  as  may  be  f o r m e d   f r o m   g l a s s .  

A l t e r n a t i v e l y ,   a  ma in   p o l e   1'  shown  in   F i g .   3  c o m p r i s e s  

t h e   m a i n   p o l e   f i l m   la   w h i c h   i s   h e l d   s a n d w i c h e d   b e t w e e n  

a  j o i n e d   member   i n c l u d i n g   t h e   m a g n e t i c   member   lb  and   t h e  

n o n - m a g n e t i c   member   lc  l o c a t e d   on  one  s i d e   and   a  n o n -  

m a g n e t i c   member   l c '   w h i c h   i s   c o n s t r u c t e d   of   t h e   s a m e  

m a t e r i a l   as  t h a t   u s e d   to   f o rm  t h e   n o n - m a g n e t i c   member   l c .  

The  m a g n e t i c   r e c o r d i n g   and  r e p r o d u c t i o n   o n t o   o r  

f r o m   t h e   m a g n e t i c   r e c o r d i n g   med ium  4  w i t h   t h e   d e s c r i b e d  

h e a d   10  t a k e s   p l a c e   as  f o l l o w s :   I n i t i a l l y ,   when  e f f e c t i n g  

a  m a g n e t i c   r e c o r d i n g ,   an  e l e c t r i c   c u r r e n t   r e p r e s e n t i n g  

i n f o r m a t i o n   s i g n a l   w h i c h   i s   f e d   f r o m   a  s u i t a b l e   s i g n a l  

p r o c e s s i n g   c i r c u i t ,   n o t   s h o w n ,   i s   a p p l i e d   to   t h e   w i n d i n g  

2b  shown  in   F i g .   1,  t h e r e b y   c a u s i n g   t h e   a u x i l i a r y   p o l e   2 

to  d e v e l o p   a  m a g n e t i c   f i e l d .   U n d e r   t h e   i n f l u e n c e   of  t h i s  

f i e l d ,   a  s t r o n g ,   s h a r p l y   d e f i n e d   p e r p e n d i c u l a r   f i e l d   i s  

p r o d u c e d   t h r o u g h   t h e   m a i n   p o l e   f i l m   l a   of  t h e   ma in   p o l e   1 ,  

and  s u c h   p e r p e n d i c u l a r   f i e l d   c a u s e s   a  r e v e r s a l   in   t h e  

m a g n e t i z a t i o n   of  t h e   m a g n e t i z a b l e   f i l m   of   t h e   r e c o r d i n g  

med ium  4.  D u r i n g   r e p r o d u c t i o n ,   t h e   p e r p e n d i c u l a r   f i e l d  



p r o d u c e d   by  t h e   m a g n e t i z a t i o n   in   t h e   m a g n e t i z a b l e   f i l m   o f  

t h e   r e c o r d i n g   m e d i u m   4  m a g n e t i z e s   t h e   m a i n   p o l e   1,  and  a  

c h a n g e   in   t h e   m a g n e t i z a t i o n   of  t h e   m a i n   p o l e   1  p r o d u c e s   a  

c h a n g e   in   t h e   m a g n e t i z a t i o n   of  t h e   a u x i l i a r y   p o l e   2,  t h u s  

i n d u c i n g   an  e l e c t r i c   c u r r e n t   t h r o u g h   t h e   w i n d i n g   2b  w h i c h  

may  be  d e r i v e d   e x t e r n a l l y   and  may  be  e l e c t r i c a l l y   p r o c e s s e d  

in  a  s u i t a b l e   m a n n e r   to   p r o v i d e   a  d e s i r e d   e l e c t r i c a l   s i g n a l .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   a  s t r o n g ,   s h a r p l y   d e f i n e d  

p e r p e n d i c u l a r   f i e l d   mus t   be  a p p l i e d   to   t h e   r e c o r d i n g   m e d i u m  

w h i c h   i s   s u f f i c i e n t   to   c a u s e   a  m a g n e t i c   s a t u r a t i o n   t h e r e o f  

in   o r d e r   to   a c h i e v e   t h e   p e r p e n d i c u l a r   r e c o r d i n g .   In  t h e  

p r i o r   a r t   p r a c t i c e ,   t h e   m a t e r i a l   u s e d   f o r   t h e   m a g n e t i c   m e m b e r  

lb  of  t h e   m a i n   p o l e   c o m p r i s e s   a  b l o c k   of   f e r r i t e s   s u c h   a s  

Mn-Zn  or  N i - Z n ,   w h i c h   m a t e r i a l s   h o w e v e r   do  n o t   e x h i b i t  

s a t i s f a c t o r y   m a g n i t u d e   of  i n i t i a l   p e r m e a b i l i t y   or  f r e q u e n c y  

r e s p o n s e s .  

S p e c i f i c a l l y ,   F i g .   4  g r a p h i c a l l y   shows   t h e   f r e q u e n c y  

r e s p o n s e s   of   N i - Z n   f e r r i t e   ( c u r v e   A)  and  t h a t   of  Mn-Zn  f e r r i t e  

( c u r v e   B).   T h u s ,   t h e   c u r v e   A  i n d i c a t e s   a  f a v o r a b l e   f r e q u e n c y  

r e s p o n s e   up  to   a  h i g h   f r e q u e n c y   r e g i o n   w h i l e   t h e   i n i t i a l  

p e r m e a b i l i t y   pi   i s   low.   C o n v e r s e l y ,   t h e   c u r v e   B  e x h i b i t s  

a  h i g h   f a v o r a b l e   i n i t i a l   p e r m e a b i l i t y   pi   w h i l e   t h e   f r e q u e n c y  

r e s p o n s e   t h e r e o f   d o e s   no t   e x t e n d   to   a  h i g h   f r e q u e n c y   r e g i o n .  

As  i l l u s t r a t e d   by  t h e s e   e x a m p l e s ,   t h e r e   has   b e e n   n o  

m a g n e t i z a b l e   m a t e r i a l   w h i c h   s a t i s f y   t h e   b o t h   r e q u i r e m e n t s  

of  t h e   i n i t i a l   p e r m e a b i l i t y   and  t h e   f r e q u e n c y   r e s p o n s e .  



The  l a c k   of  a  c o m b i n a t i o n   of  t h e s e   c h a r a c t e r i s t i c s   i s  

a t t r i b u t a b l e   to   t h e   p r o p e r t i e s   of   t h e   f e r r i t e   m a t e r i a l  

t h e m s e l v e s .   As  l o n g   as  s u c h   f e r r i t e   m a t e r i a l   i s   u s e d ,  

i t   i s   d i f f i c u l t   to   p r o v i d e   a  p e r p e n d i c u l a r   m a g n e t i c  

r e c o r d i n g   h e a d   w h i c h   s a t i s f i e s   t h e   b o t h   r e q u i r e m e n t s .  

A c c o r d i n g l y ,   i t   i s   an  o b j e c t   of   t h e   i n v e n t i o n   t o  

p r o v i d e   a  p e r p e n d i c u l a r   m a g n e t i c   r e c o r d i n g   h e a d   w h i c h  

e l i m i n a t e s   t h e   d i s a d v a n t a g e s   of  t h e   p r i o r   a r t   by  a l l o w i n g  

a  s t r o n g ,   s h a r p l y   d e f i n e d   p e r p e n d i c u l a r   f i e l d   to  be  a p p l i e d  

to  a  m a g n e t i c   r e c o r d i n g   m e d i u m .  

DISCLOSURE  OF  THE  INVENTION 

To  a c h i e v e   t h e   a b o v e   o b j e c t ,   t h e   i n v e n t i o n   p r o v i d e s  

a  p e r p e n d i c u l a r   m a g n e t i c   r e c o r d i n g   h e a d   of  a  t y p e   in   w h i c h  

a  ma in   p o l e   f i l m   i s   h e l d   s a n d w i c h e d   b e t w e e n   j o i n e d   b l o c k s  

of  m a g n e t i c   a n d / o r   n o n - m a g n e t i c   m e m b e r s ,   w h e r e i n   o n l y  

n o n - m a g n e t i c   m e m b e r s   a r e   u s e d   to   h o l d   t h e   m a i n   p o l e   f i l m  

s a n d w i c h e d   t h e r e b e t w e e n   and  in   w h i c h   a  m u l t i - l a y e r   l a m i n a t e  

b l o c k   i s   d i s p o s e d   a t   t h e   j o i n i n g   s u r f a c e   b e t w e e n   t h e   n o n -  

m a g n e t i c   member   and  t h e   ma in   p o l e   f i l m   a t   a  g i v e n   d i s t a n c e  

s p a c e d   f r o m   t h e   a r e a   of  s l i d i n g   c o n t a c t  w i t h   a  m a g n e t i c  

r e c o r d i n g   m e d i u m ,   t h e   l a m i n a t e   c o m p r i s i n g   an  a l t e r n a t e  

l a m i n a t i o n   of   l a y e r s   of  m a g n e t i c a l l y   s o f t   m a t e r i a l   h a v i n g  

a  h i g h   p e r m e a b i l i t y   and  l a y e r s   of  n o n - m a g n e t i c   m a t e r i a l ,  

t h e r e b y   e n a b l i n g   a  s t r o n g ,   s h a r p l y   d e f i n e d   p e r p e n d i c u l a r  

f i e l d   to   be  d e v e l o p e d .  



BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g .   1  i s   a  f r o n t   v i e w   of   a  c o n v e n t i o n a l   a u x i l i a r y  

p o l e   e x c i t e d   p e r p e n d i c u l a r   r e c o r d i n g   m a g n e t i c   h e a d   i n  

a s s o c i a t i o n   w i t h   a  m a g n e t i c   r e c o r d i n g   m e d i u m ;  

F i g s .   2  and  3  a r e   s c h e m a t i c   c r o s s   s e c t i o n s   o f  

s e v e r a l   f o r m s   of   a  ma in   p o l e   u s e d   in   p e r p e n d i c u l a r   m a g n e t i c  

h e a d s   of   t h e   p r i o r   a r t ;  

F i g .   4  g r a p h i c a l l y   shows   t h e   i n i t i a l   p e r m e a b i l i t y  

and  a  f r e q u e n c y   r e s p o n s e   of  c o n v e n t i o n a l   p e r p e n d i c u l a r  

m a g n e t i c   h e a d s ;  

F i g .   5  i s   a  p e r s p e c t i v e   v i e w ,   a l s o   s h o w i n g   t h e  

c r o s s   s e c t i o n ,   of  a  ma in   p o l e   of   a  p e r p e n d i c u l a r   m a g n e t i c  

h e a d   a c c o r d i n g   to   t h e   i n v e n t i o n ;  

F i g s .   6  to   9  a r e   p e r s p e c t i v e   v i e w s ,   a l s o   i l l u s t r a t i n g  

t h e   c r o s s   s e c t i o n s ,   of  s t e p s   of   m a n u f a c t u r i n g   t h e   m a i n  

p o l e   shown  in   F i g .   5 ;  

F i g .   10  i s   a  c r o s s   s e c t i o n   of   a  m a i n   p o l e   e x c i t e d  

p e r p e n d i c u l a r   m a g n e t i c   h e a d   a c c o r d i n g   to   a  f i r s t   e m b o d i m e n t  

of   t h e   i n v e n t i o n ;  

F i g .   11  i s   a  f r o n t   v i e w ,   p a r t l y   in   s e c t i o n ,   o f  

an  a u x i l i a r y   p o l e   e x c i t e d   p e r p e n d i c u l a r   m a g n e t i c   h e a d  

a c c o r d i n g   to   a  s e c o n d   e m b o d i m e n t   of   t h e   i n v e n t i o n ;  

F i g .   12  i s   a  c r o s s   s e c t i o n   of   a n o t h e r   f o r m   of   a  

ma in   p o l e   w h i c h   may  be  u s e d   in   t h e   p e r p e n d i c u l a r   m a g n e t i c  

h e a d   of   t h e   i n v e n t i o n ;  

F i g .   13  i s   a  p e r s p e c t i v e   v i e w   of  a  n o n - m a g n e t i c  



member   w h i c h   i s   u s e d   in   t h e   m a n u f a c t u r i n g   of   a  j o i n e d   b l o c k  

w h i c h   i s   u s e d   in   t h e   ma in   p o l e   s t r u c t u r e   of   F i g .   1 2 ;  

F i g .   14  i s   a  c r o s s   s e c t i o n   of  a  m a i n   p o l e   e x c i t e d  

p e r p e n d i c u l a r   m a g n e t i c   h e a d   a c c o r d i n g   to   a  t h i r d   e m b o d i m e n t  

of   t h e   i n v e n t i o n ;   a n d  

F i g .   15  i s   a  f r o n t   v i e w ,   p a r t l y   in   c r o s s   s e c t i o n ,  

of   an  a u x i l i a r y   p o l e   e x c i t e d   p e r p e n d i c u l a r   m a g n e t i c   h e a d  

a c c o r d i n g   to   a  f o u r t h   e m b o d i m e n t   of  t h e   i n v e n t i o n .  

BEST  MODES  OF  CARRYING  OUT  THE  INVENTION 

F i g .   5  i s   a  p e r s p e c t i v e   v i ew   of  one  f o r m   of   a  m a i n  

p o l e   u s e d   in   t h e   p e r p e n d i c u l a r   m a g n e t i c   h e a d   of   t h e   i n v e n t i o n .  

As  i l l u s t r a t e d   in   c r o s s   s e c t i o n   in   F i g .   5,  a  m a i n   p o l e  

20  shown  c o m p r i s e s   a  v e r y   t h i n   m a i n   p o l e   f i l m   20c  of   a  

r e c t a n g u l a r   s h e e t   c o n f i g u r a t i o n .   A  n o n - m a g n e t i c   m e m b e r  

20d  h a v i n g   an  i n c r e a s e d   t h i c k n e s s   and  a  s i m i l a r   r e c t a n g u l a r  

c o n f i g u r a t i o n   i s   j o i n e d   to   t h e   r i g h t   s i d e ,   as  v i e w e d   i n  

F i g .   5,  of   t h e   f i l m   2 0 c ,   and  d e f i n e s   a  j o i n e d   b l o c k .  

A  r e c t a n g u l a r   m u l t i - l a y e r   l a m i n a t e   or  f i l m   20b  c o m p r i s i n g  

a  p l u r a l i t y   of  v e r y   t h i n   f i l m s   d i s p o s e d   in   o v e r l a p p i n g  

r e l a t i o n s h i p   w i t h   e a c h   o t h e r   i s   j o i n e d   to   t h e   l e f t   s i d e  

of   t h e   m a i n   p o l e   f i l m   20c  a t   a  g i v e n   d i s t a n c e   s p a c e d   u p w a r d l y  

f r o m   t h e   s u r f a c e   of   t h e   m a i n   p o l e   f i l m   20c  w h e r e   i t   i s  

d i s p o s e d   in   s l i d i n g   c o n t a c t   w i t h   a  m a g n e t i c   r e c o r d   m e d i u m ,  

or  i t s   b o t t o m   end  f a c e ,   as  v i e w e d   in   F i g .   5.  F i n a l l y ,  

a  n o n - m a g n e t i c   member   20a  h a v i n g   an  i n c r e a s e d   t h i c k n e s s  



i s   j o i n e d   to  t h e   l e f t   s i d e   of   t h e   m u l t i - l a y e r   l a m i n a t e  

20b  and  a  p o r t i o n   of   t h e   m a i n   p o l e   f i l m   20c  w h i c h   i s   n o t  

d i s p o s e d   in   a b u t t i n g   r e l a t i o n s h i p   w i t h   t h e   l a m i n a t e   2 0 b .  

I t   w i l l   be  n o t e d   t h a t   t h e   l o w e r   end  f a c e   of   t h e   c o m p o s i t e  

a s s e m b l y   i s   p o l i s h e d   to   a  c u r v e d   s u r f a c e   h a v i n g   a  g i v e n  

r a d i u s   of  c u r v a t u r e   so  as  to   be  m a i n t a i n e d   in   s m o o t h  

s l i d i n g   c o n t a c t   w i t h   a  r e c o r d i n g   m e d i u m .  

To  f o r m   t h e   m a i n   p o l e   20  as  d e s c r i b e d ,   a  r e c t a n g u l a r  

body  of   c e m a r i c   or  v i t r e o u s   c a r b o n   m a t e r i a l   h a v i n g   a  

s u b s t a n t i a l   t h i c k n e s s   i s   i n i t i a l l y   p r e p a r e d .   As  s h o w n  

in   F i g .   6,  a  cu t   i s   made  i n t o   t h e   u p p e r   s u r f a c e   of   t h e  

body  to   a  d e p t h   of  a b o u t   100  m i c r o m e t e r s   (pm)  o v e r   an  a r e a  

w h i c h   i s   s u b s t a n t i a l l y   e q u a l   to   two  t h i r d s   t h e r e o f ,   t h u s  

f o r m i n g   a  n o n - m a g n e t i c   member   21.  S p e c i f i c a l l y ,   t h e   u p p e r  

s u r f a c e   of  t h e   n o n - m a g n e t i c   member   21  i n c l u d e s   a  r a i s e d  

r e c t a n g u l a r   s u r f a c e   a r e a   21a  of  a  r e d u c e d   s i z e   and  a n o t h e r  

r e c t a n g u l a r   s u r f a c e   a r e a   21b  of   a  g r e a t e r   s i z e   w h i c h   i s  

o f f s e t   d o w n w a r d l y   by  a  s t e p   f r o m   t h e   s u r f a c e   a r e a   2 1 a .  

U s i n g   a  h i g h   f r e q u e n c y   m a g n e t r o n   s p u t t e r i n g   a p p a r a t u s ,  

1  µm  t h i c k   l a y e r s   of  SiO2  and   C o - Z r - N b   a r e   a l t e r n a t e l y  

d e p o s i t e d   on  t h e   r e c t a n g u l a r   s u r f a c e   21b  of  t h e   n o n - m a g n e t i c  

member   21  u n t i l   100  l a y e r s   or   more  in   t o t a l   can   be  d e p o s i t e d  

to  d e f i n e   a  m u l t i - l a y e r   l a m i n a t e   or  f i l m .   The  n o n - m a g n e t i c  

member   21  h a v i n g   t h e   l a m i n a t e   f i l m   t h e r e o n   i s   r e m o v e d   f r o m  

t h e   s p u t t e r i n g   a p p a r a t u s ,   and   t h e   l a m i n a t e d   s u r f a c e   i s  

p o l i s h e d   by  s u i t a b l e   m e a n s .   In  t h i s   m a n n e r ,   a  m u l t i - l a y e r  



l a m i n a t e   or  f i l m   24  h a v i n g   a  t o t a l   t h i c k n e s s   of   a b o u t  

100  µm  and  c o m p r i s i n g   a l t e r n a t e   t h i n   f i l m s   2 2 a ,   22b ,   . . . . .  

of   S i o 2   and  f i l m s   2 3 a ,   23b ,   . . . . .   of  C o - Z r - N b   i s   o b t a i n e d ,  

as  i l l u s t r a t e d   in   F i g .   7,  and  t h e   t o p   s u r f a c e   of  t h e   l a m i n a t e  

i s   p o l i s h e d   to  be  l e v e l   w i t h   t h e   u p p e r   s u r f a c e   of  t h e  

r e c t a n g u l a r   s u r f a c e   a r e a   2 1 a ,   t h u s   p r o v i d i n g   a  m u l t i - l a y e r  

n o n - m a g n e t i c   member   25  w h i c h   has   i t s   b o t h   u p p e r   s u r f a c e s  

to   be  l e v e l   w i t h   e a c h   o t h e r .  

On  t h e   o t h e r   h a n d ,   a  body   of   c e r a m i c   or   v i t r e o u s  

c a r b o n   w h i c h   i s   s u b s t a n t i a l l y   s i m i l a r   in   c o n f i g u r a t i o n  

and  s i z e   to   t h a t   u s e d   to   f o r m   t h e   n o n - m a g n e t i c   member   2 1  

i s   a l s o   u s e d   in   t h e   same  s p u t t e r i n g   a p p a r a t u s   as  m e n t i o n e d ,  

to   d e p o s i t   a b o u t   1  µm  t h i c k   f i l m   28  of  C o - Z r - N b   on  t h e  

u p p e r   s u r f a c e   of  a  n o n - m a g n e t i c   member   26,  w h i c h   d e f i n e s  

a  ma in   p o l e   f i l m ,   t h u s   p r o v i d i n g   a  n o n - m a g n e t i c   m e m b e r  

27  c a r r y i n g   a  s i n g l e   l a y e r   f i l m .  

A f t e r   t h e   n o n - m a g n e t i c   member   27  i s   r e m o v e d   f r o m  

t h e   s p u t t e r i n g   a p p a r a t u s ,   t h e   n o n - m a g n e t i c   member   27  i s  

a d h e s i v e l y   j o i n e d   w i t h   t h e   m u l t i - l a y e r   n o n - m a g n e t i c   m e m b e r  

25  u s i n g   epoxy   r e s i n   a d h e s i v e   h a v i n g   a  low  v i s c o s i t y ,   s o  

t h a t   t h e   C o - Z r - N b   f i l m   28  of   t h e   n o n - m a g n e t i c   member   27  

i s   in   a b u t t i n g   r e l a t i o n s h i p   w i t h   t h e   m u l t i - l a y e r   f i l m   24  

of  t h e   n o n - m a g n e t i c   member   25,   as  shown  in  F i g .   9.  When 

t h e   b o t t o m   s u r f a c e   of  t h e   r e s u l t i n g   c o m p o s i t e   a s s e m b l y  

29,  as  v i e w e d   in   F i g .   9,  i s   p o l i s h e d   by  s u i t a b l e   m e a n s  

u n t i l   a  g i v e n   c u r v a t u r e   i s   o b t a i n e d   so  t h a t   t h e   l o w e r   e n d  



f a c e   o f   C o - Z r - N b   f i l m   28  r e p r e s e n t s   a  l o w e s t   p o i n t ,   t h e r e  

r e s u l t s   t h e   m a i n   p o l e   20  shown  in   F i g .   5.  T h u s ,   t h e   C o - Z r - N b  

f i l m   28  c o r r e s p o n d s   to   t h e   main   p o l e   f i l m   20c  of  t h e   m a i n  

p o l e   20  shown  in   F i g .   5,  t he   m u l t i - l a y e r   f i l m   24  f o r m e d  

by  S i 0 2  a n d   C o - Z r - N b   f i l m s   c o r r e s p o n d s   to   t h e   m u l t i - l a y e r  

f i l m   20b ,   and  t h e   n o n - m a g n e t i c   member   27  and   t h e   m u l t i - l a y e r  

n o n - m a g n e t i c   member   25  c o r r e s p o n d   to   t h e   n o n - m a g n e t i c   m e m b e r s  

20d  and   20a ,   r e s p e c t i v e l y .  

F i g .   10  shows  a  p e r p e n d i c u l a r   m a g n e t i c   h e a d   30A 

a c c o r d i n g   to   a  f i r s t   e m b o d i m e n t   of  t h e   i n v e n t i o n .   T h e  

h e a d   30A  i s   c o n s t r u c t e d   by  u s i n g   t h e   m a i n   p o l e   20  w h i c h  

i s   f o r m e d   as  d e s c r i b e d   a b o v e .   T h u s ,   a  c o i l   2b  t h r o u g h  

w h i c h   i n f o r m a t i o n   s i g n a l   i s   d i r e c t l y   p a s s e d   i s   d i s p o s e d  

a r o u n d   t h e   p e r i p h e r y   of  t h e   main   p o l e   20  s u b s t a n t i a l l y  

in   a  r e g i o n   w h i c h   i s   c o m m e n s u r a t e   w i t h   t h e   m u l t i - l a y e r  

f i l m .  

F i g .   11  shows  a  p e r p e n d i c u l a r   m a g n e t i c   h e a d   30B 

a c c o r d i n g   to   a  s e c o n d   e m b o d i m e n t   of   t h e   i n v e n t i o n .   T h e  

h e a d   30B  i s   of   an  a u x i l i a r y   p o l e   e x c i t e d   t y p e   and  u t i l i z e s  

t h e   m a i n   p o l e   20  w h i c h   i s   f o r m e d   as  d e s c r i b e d   a b o v e .  

When  c o m p a r e d   w i t h   c o n v e n t i o n a l   p e r p e n d i c u l a r  

m a g n e t i c   h e a d s   as  i l l u s t r a t e d   in   F i g s .   2  and   3,  i t   i s   f o u n d  

t h a t   when  t h e   p e r p e n d i c u l a r   m a g n e t i c   h e a d s   30A  and  30B 

of  t h e   i n v e n t i o n   a r e   u s e d ,   t h e   s t r e n g t h   of   t h e   p e r p e n d i c u l a r  

f i e l d   w h i c h   i s   a p p l i e d   to  t h e   m a g n e t i c   r e c o r d i n g   m e d i u m  

4  has   i n c r e a s e d   by  a  f a c t o r   of  2  or  3,  in   p a r t i c u l a r ,   i n  



a  h i g h   f r e q u e n c y   r e g i o n .   In  o t h e r   w o r d s ,   t h e   s e n s i t i v i t y  

f o r   t h e   r e c o r d i n g   and  r e p r o d u c t i o n   has   b e e n   i m p r o v e d   b y  

a  f a c t o r   of   2  or  3  in   t h e   h i g h   f r e q u e n c y   r e g i o n .  

F i g .   12  shows  a n o t h e r   f o rm  of  t h e   m a i n   p o l e   f o r  

t h e   p e r p e n d i c u l a r   m a g n e t i c   h e a d   of  t h e   i n v e n t i o n .   A  m a i n  

p o l e   40  shown  i s   s i m i l a r   in   a p p e a r a n c e   and  c o n f i g u r a t i o n  

to  t h e   m a i n   p o l e   20  shown  in  F i g .   5,  bu t   i s   d i f f e r e n t  

t h e r e f r o m   in   t h a t   a  p a i r   of   m u l t i - l a y e r   f i l m s   24  a r e  

c o m b i n e d   w i t h   a  m a i n   p o l e   31.  S p e c i f i c a l l y ,   a  p a i r   o f  

n o n - m a g n e t i c   m e m b e r s   32  and  33  w h i c h   c a r r y   m u l t i - l a y e r  

f i l m s   24  c o n s t r u c t e d   as  m e n t i o n e d   a b o v e   on  t h e i r   i n s i d e  

a r e   d i s p o s e d   so  as  to   h o l d   t h e   m a i n   p o l e   f i l m   31  s a n d w i c h e d  

t h e r e b e t w e e n .  

The  ma in   p o l e   40  can  be  f o r m e d   by  p l a c i n g   t h e  

m u l t i - l a y e r   n o n - m a g n e t i c   member   25  ( s e e   F i g .   7)  in   t h e  

s p u t t e r i n g   a p p a r a t u s   to   d e p o s i t   a b o u t   1  µm  t h i c k   ma in   p o l e  

f i l m   of  C o - Z r - N b   on  t h e   s u r f a c e   of   t h e   member   25  w h i c h  

c a r r i e s   t h e   m u l t i - l a y e r   f i l m   24,  t h u s   p r o v i d i n g   a  n o n -  

m a g n e t i c   member   34  shown  in   F i g .   13  w h i c h   c o m p r i s e s   t h e  

n o n - m a g n e t i c   member   25  m e n t i o n e d   a b o v e   and  t h e   ma in   p o l e  

f i l m   35  of   C o - Z r - N b .   The  n o n - m a g n e t i c   member   34  can  b e  

j o i n e d   t o g e t h e r   w i t h   t h e   n o n - m a g n e t i c   member   25  shown  i n  

F i g .   7  so  t h a t   t h e   f i l m   35  i s   d i s p o s e d   in   a b u t t i n g  

r e l a t i o n s h i p   w i t h   t h e   m u l t i - l a y e r   f i l m   of  t h e   member   2 5 ,  

u s i n g   e p o x y   r e s i n   a d h e s i v e ,   f o l l o w e d   by  p o l i s h i n g   t h e   b o t t o m  

end  to   a  g i v e n   c u r v a t u r e   to  p r o v i d e   a  m a i n   p o l e   40  a s  



i l l u s t r a t e d   in   F i g .   1 2 .  

F i g .   14  shows  a  p e r p e n d i c u l a r   m a g n e t i c   h e a d   50A 

a c c o r d i n g   to   a  t h i r d   e m b o d i m e n t   of   t h e   i n v e n t i o n .   T h e  

h e a d   50A  i s   c o n s t r u c t e d   by  u s i n g   t h e   ma in   p o l e   40  s h o w n  

in   F i g .   12,   and  i n c l u d e s   a  c o i l   2b  w h i c h   i s   d i r e c t l y  

d i s p o s e d   a r o u n d   t h e   ma in   p o l e   in   a  r e g i o n   c o m m e n s u r a t e  

w i t h   t h e   m u l t i - l a y e r   f i l m s   f o r   p a s s i n g   i n f o r m a t i o n   s i g n a l  

t h e r e t h r o u g h .  

F i g .   15  shows  a  p e r p e n d i c u l a r   m a g n e t i c   h e a d   50B  

of  an  a u x i l i a r y   p o l e   e x c i t e d   t y p e   a c c o r d i n g   to   a  f o u r t h  

e m b o d i m e n t   of   t h e   i n v e n t i o n ,   w h i c h   i s   c o n s t r u c t e d   b y  

u t i l i z i n g   t h e   ma in   p o l e   40  d e s c r i b e d   a b o v e .  

I t   i s   f o u n d   t h a t   t h e   u s e   of   t h e s e   p e r p e n d i c u l a r  

m a g n e t i c   h e a d s   50A  and  50B  has   i m p r o v e d   t h e   r e c o r d i n g   a n d  

r e p r o d u c t i o n   s e n s i t i v i t y   by  a  f a c t o r   of  2  or  3  as  c o m p a r e d  

w i t h   t h e   c o n v e n t i o n a l   c o n s t r u c t i o n ,   p a r t i c u l a r l y   in   t h e  

h i g h   f r e q u e n c y   r e g i o n .   In  t h e   d e s c r i b e d   e m b o d i m e n t s ,   t h e  

m u l t i - l a y e r   f i l m   has   b e e n   d e s c r i b e d   as  c o m p r i s i n g   S i 0 2  

and  C o - Z r - N b ,   b u t   t h e   m a t e r i a l s   w h i c h   can  be  u s e d   to   d e f i n e  

t h e   m u l t i - l a y e r   f i l m   i s   n o t   l i m i t e d   t h e r e t o ,   b u t   t h a t   t h e  

m a t e r i a l   S i 0 2  m a y   be  r e p l a c e d   by  o t h e r   i n s u l a t i n g   m a t e r i a l s  

and  t h e   m a t e r i a l   C o - Z r - N b   may  be  r e p l a c e d   by  o t h e r   m a t e r i a l s  

w h i c h   e x h i b i t   s a t i s f a c t o r y   m a g n e t i c a l l y   s o f t   p r o p e r t y .  

INDUSTRIAL  USE 

As  d e s c r i b e d ,   t h e   p e r p e n d i c u l a r   m a g n e t i c   h e a d   o f  



t h e   i n v e n t i o n   i s   c a p a b l e   of  d e v e l o p i n g   a  s t r o n g ,   s h a r p l y  

d e f i n e d   p e r p e n d i c u l a r   f i e l d   w h i c h   a l l o w s   t h e   s t r e n g t h   o f  

t h e   p e r p e n d i c u l a r   f i e l d   to   be  i n c r e a s e d   by  a  f a c t o r   o f  

2  or  3,  in   p a r t i c u l a r   in   t h e   h i g h   f r e q u e n c y   r e g i o n ,   t h u s  

p r o v i d i n g   h e a d s   w h i c h   a r e   s u i t a b l e   f o r   use   i n   a  h i g h  

d e n s i t y   r e c o r d i n g .  



1.  A  p e r p e n d i c u l a r   m a g n e t i c   h e a d   c o m p r i s i n g  

at   l e a s t   f i r s t   and  s e c o n d   j o i n e d   b l o c k s   w h i c h   a r e  

f o r m e d   of   n o n - m a g n e t i c   m a t e r i a l ;  

a  ma in   p o l e   f i l m   f o r m e d   of  a  m a g n e t i c a l l y   s o f t  

m a t e r i a l   h a v i n g   a  h i g h   p e r m e a b i l i t y   and  w h i c h   i s   h e l d  

s a n d w i c h e d   b e t w e e n   t h e   f i r s t   and  t h e   s e c o n d   j o i n e d   b l o c k s ;  

a t   l e a s t   one  of  t h e   b l o c k s   c a r r y i n g   a  m u l t i - l a y e r  

f i l m   d i s p o s e d   in   a b u t t i n g   r e l a t i o n s h i p   w i t h   t h e   m a i n   p o l e  

f i l m ,   t h e   m u l t i - l a y e r   f i l m   c o m p r i s e s   a l t e r n a t e   l a y e r s   o f  

a  m a g n e t i c a l l y   s o f t   m a t e r i a l   h a v i n g   a  h i g h   p e r m e a b i l i t y  

and  a  n o n - m a g n e t i c   m a t e r i a l .  

2.  A  p e r p e n d i c u l a r   m a g n e t i c   h e a d   a c c o r d i n g   t o  

C l a i m   1  in   w h i c h   t h e   m u l t i - l a y e r   f i l m   i s   l o c a t e d   a t   a  g i v e n  

d i s t a n c e   s p a c e d   f r o m   a  r e g i o n   of  t h e   ma in   p o l e   w h i c h   i s  

d i s p o s e d   in   s l i d i n g   c o n t a c t   w i t h   a  m a g n e t i c   r e c o r d i n g  

m e d i u m .  

3.  A  p e r p e n d i c u l a r   m a g n e t i c   h e a d   c o m p r i s i n g  

a  ma in   p o l e   i n c l u d i n g  

a  ma in   p o l e   f i l m   d e f i n e d   by  a  v e r y   t h i n   f i l m   o f  

a  m a g n e t i c a l l y   s o f t   m a t e r i a l   h a v i n g   a  h i g h   p e r m e a b i l i t y ;  

a  f i r s t   b l o c k   of   n o n - m a g n e t i c   m a t e r i a l   and  h a v i n g  

an  i n c r e a s e d   t h i c k n e s s ,   t h e   f i r s t   b l o c k   i n c l u d i n g   a  j o i n e d  



s u r f a c e   w h i c h   i s   a d a p t e d   to   be  j o i n e d   w i t h   one  s i d e   o f  

t h e   ma in   p o l e   f i l m ;  

a  m u l t i - l a y e r   f i l m   h a v i n g   a  j o i n i n g   s u r f a c e   w h i c h  

i s   a d a p t e d   to  be  j o i n e d   to   t h e   o t h e r   s i d e   of  t h e   ma in   p o l e  

f i l m ,   t h e   m u l t i - l a y e r   f i l m   c o m p r i s i n g   a  p l u r a l i t y   o f  

l a m i n a t e d ,   v e r y   t h i n   l a y e r s ;  

and  a  s e c o n d   b l o c k   h a v i n g   an  i n c r e a s e d   t h i c k n e s s  

and  f o r m e d   of  a  n o n - m a g n e t i c   m a t e r i a l ,   t h e   s e c o n d   b l o c k  

b e i n g   j o i n e d   to  t h e   o t h e r   s u r f a c e   of  t h e   m u l t i - l a y e r   f i l m  

w h i c h   i s   o p p o s i t e   f r o m   t h e   j o i n i n g   s u r f a c e   and  to   a  s u r f a c e  

of   t h e   ma in   p o l e   f i l m   in  a  r e g i o n   w h e r e   t h e   m u l t i - l a y e r  

f i l m   i s   no t   j o i n e d   t h e r e t o ;  

t h e   h e a d   a l s o   c o m p r i s i n g   a  w i n d i n g   f o r   p a s s i n g  

an  e l e c t r i c   c u r r e n t   i n f o r m a t i o n   s i g n a l   and  d i s p o s e d   a r o u n d  

t h e   main   p o l e .  

4.  A  p e r p e n d i c u l a r   m a g n e t i c   h e a d   a c c o r d i n g   t o  

C l a i m   3  in   w h i c h   t h e   m u l t i - l a y e r   f i l m   i s   d i s p o s e d   a t   a  

g i v e n   d i s t a n c e   s p a c e d   u p w a r d l y   f r o m   t h e   l o w e r   end  f a c e  

of  t h e   main   p o l e   f i l m   w h i c h   i s   d i s p o s e d   in   a  s l i d i n g  

c o n t a c t   w i t h   a  m a g n e t i c   r e c o r d i n g   m e d i u m .  

5.  A  p e r p e n d i c u l a r   m a g n e t i c   h e a d   c o m p r i s i n g   a  m a i n  

p o l e ,   i n c l u d i n g  

a  ma in   p o l e   f i l m   f o r m e d   of  a  v e r y   t h i n   f i l m  

of  a  m a g n e t i c a l l y   s o f t   m a t e r i a l   h a v i n g   a  h i g h  



p e r m e a b i l i t y ;  

a  f i r s t   b l o c k   h a v i n g   an  i n c r e a s e d   t h i c k n e s s  

and  f o r m e d   of  a  n o n - m a g n e t i c   m a t e r i a l   and   h a v i n g   a  

j o i n i n g   s u r f a c e   w h i c h   i s   a d a p t e d   to   be  j o i n e d   to   o n e  

s i d e   of   t h e   ma in   p o l e   f i l m ;  

a  m u l t i - l a y e r   f i l m   f o r m e d   by  a  p l u r a l i t y   o f  

v e r y   t h i n ,   l a m i n a t e d   l a y e r s   and  h a v i n g   a  j o i n i n g  

s u r f a c e   w h i c h   i s   a d a p t e d   to   be  j o i n e d   to   t h e   o t h e r  

s i d e   of   t h e   ma in   p o l e   f i l m ;  

and  a  s e c o n d   b l o c k   h a v i n g   an  i n c r e a s e d   t h i c k n e s s  

and  f o r m e d   of  a  n o n - m a g n e t i c   m a t e r i a l ,   t h e   s e c o n d  

b l o c k   b e i n g   j o i n e d   to  t h e   o t h e r   s u r f a c e   of   t h e  

m u l t i - l a y e r   f i l m   w h i c h   i s   o p p o s i t e   f r o m   t h e   j o i n i n g  

s u r f a c e   and  to   a  s u r f a c e   of  t h e   m a i n   p o l e   f i l m   w h e r e  

t h e   m u l t i - l a y e r   f i l m   i s   n o t   j o i n e d ;  

t h e   h e a d   a l s o   c o m p r i s i n g   an  a u x i l i a r y   p o l e   i n c l u d i n g  

a  b l o c k   f o r m e d   of   a  m a g n e t i z a b l e   m a t e r i a l   h a v i n g   a  h i g h  

p e r m e a b i l i t y   and  d i s p o s e d   in   o p p o s i n g   r e l a t i o n s h i p   w i t h  

t h e   ma in   p o l e ,   t h e   b l o c k   c a r r y i n g   a  w i n d i n g   t h r o u g h   w h i c h  

an  e l e c t r i c   c u r r e n t   r e p r e s e n t i n g   i n f o r m a t i o n   s i g n a l   i s  

p a s s e d   or   i n d u c e d   t h e r e i n .  

6.  A  p e r p e n d i c u l a r   m a g n e t i c   h e a d   a c c o r d i n g   t o  

C l a i m   5  in   w h i c h   t h e   m u l t i - l a y e r   f i l m   i s   s p a c e d   a  g i v e n  

d i s t a n c e   u p w a r d l y   f rom  t h e   l o w e r   end  f a c e   of   t h e   ma in   p o l e  



f i l m   w h i c h   i s   d i s p o s e d   in   s l i d i n g   c o n t a c t   w i t h   a  m a g n e t i c  

r e c o r d i n g   m e d i u m .  

7.  A  p e r p e n d i c u l a r   m a g n e t i c   h e a d   a c c o r d i n g   t o  

C l a i m   1,  3  or  5  in   w h i c h   t h e   f i r s t   and  t h e   s e c o n d   b l o c k  

a r e   f o r m e d   of  a  n o n - m a g n e t i c   m a t e r i a l   s u c h   as  c e r a m i c   o r  

v i t r e o u s   c a r b o n .  

8.  A  p e r p e n d i c u l a r   m a g n e t i c   h e a d   a c c o r d i n g   t o  

C l a i m   1,  3  or  5  in   w h i c h   t h e   f i r s t   and  s e c o n d   b l o c k s   a r e  

j o i n e d   t o g e t h e r   by  an  epoxy   r e s i n   a d h e s i v e   of   a  l o w  

v i s c o s i t y .  

9.  A  p e r p e n d i c u l a r   m a g n e t i c   h e a d   c o m p r i s i n g   a  m a i n  

p o l e   i n c l u d i n g  

a  m a i n   p o l e   f i l m   d e f i n e d   by  a  v e r y   t h i n   f i l m  

s h e e t - l i k e   f i l m   of  a  m a g n e t i c a l l y   s o f t   m a t e r i a l   h a v i n g  

a  h i g h   p e r m e a b i l i t y ,  

a  p a i r   of   m u l t i - l a y e r   f i l m s ,   e a c h   f o r m e d   by  a  

p l u r a l i t y   of   l a m i n a t e d ,   v e r y   t h i n   l a y e r s ,   t h e   m u l t i - l a y e r  

f i l m s   h a v i n g   j o i n i n g   s u r f a c e s   w h i c h   a r e   j o i n e d   to   t h e  

o p p o s i t e   s i d e s   of   t h e   ma in   p o l e   f i l m   in   o p p o s i n g  

r e l a t i o n s h i p   w i t h   e a c h   o t h e r ,  

and  a  f i r s t   and  a  s e c o n d   b l o c k   e a c h   h a v i n g   a n  

i n c r e a s e d   t h i c k n e s s   and  f o r m e d   of  a  n o n - m a g n e t i c   m a t e r i a l ,  

t h e   r e s p e c t i v e   b l o c k s   b e i n g   j o i n e d   to   t h e   o t h e r   s u r f a c e  



of  t h e   p a i r   of   t h e   m u l t i - l a y e r   f i l m s   w h i c h   i s   o p p o s i t e  

f rom  t h e   j o i n i n g   s u r f a c e   and  to   a  s u r f a c e   of   t h e   m a i n   p o l e  

f i l m   w h e r e   t h e   m u l t i - l a y e r   f i l m   i s   no t   j o i n e d ;  

t h e   h e a d   a l s o   c o m p r i s i n g   a  w i n d i n g   d i s p o s e d   a r o u n d  

t h e   ma in   p o l e   and  t h r o u g h   w h i c h   an  e l e c t r i c   c u r r e n t  

r e p r e s e n t i n g   i n f o r m a t i o n   s i g n a l   p a s s e s .  

10.  A  p e r p e n d i c u l a r   m a g n e t i c   h e a d   a c c o r d i n g   t o  

C l a i m   9  in   w h i c h   e a c h   of   t h e   m u l t i - l a y e r   f i l m s   i s   u p w a r d l y  

s p a c e d   a  g i v e n   d i s t a n c e   f r o m   t h e   l o w e r   end  f a c e   of   t h e  

main   p o l e   f i l m   w h e r e   i t   i s   d i s p o s e d   in   s l i d i n g   c o n t a c t  

w i t h   a  m a g n e t i c   r e c o r d i n g   m e d i u m .  

11.  A  p e r p e n d i c u l a r   m a g n e t i c   h e a d   c o m p r i s i n g   a  m a i n  

p o l e   i n c l u d i n g  

a  ma in   p o l e   f i l m   d e f i n e d   by  a  v e r y   t h i n   s h e e t - l i k e  

f i l m   of   a  m a g n e t i c a l l y   s o f t   m a t e r i a l   h a v i n g   a  h i g h  

p e r m e a b i l i t y ,  

a  p a i r   of  m u l t i - l a y e r   f i l m s   e a c h   f o r m e d   by  a  

p l u r a l i t y   of   l a m i n a t e d ,   v e r y   t h i n   l a y e r s ,   t h e   m u l t i - l a y e r  

f i l m s   h a v i n g   j o i n i n g   s u r f a c e s   w h i c h   a r e   j o i n e d   to   t h e  

o p p o s i t e   s i d e s   of  t h e   m a i n   p o l e   f i l m   i n   o p p o s i n g  

r e l a t i o n s h i p   w i t h   e a c h   o t h e r ,  

and  a  f i r s t   and  a  s e c o n d   b l o c k   h a v i n g   an  i n c r e a s e d  

t h i c k n e s s   and  f o r m e d   of   a  n o n - m a g n e t i c   m a t e r i a l ,   t h e   b l o c k s  

b e i n g   j o i n e d   to   t h e   o t h e r   s u r f a c e   of  t h e   p a i r   of  t h e  



m u l t i - l a y e r   f i l m s   w h i c h   i s   o p p o s i t e   f rom  t h e   j o i n i n g  

s u r f a c e   and  to   a  s u r f a c e   of  t h e   ma in   p o l e   f i l m   w h e r e   t h e  

m u l t i - l a y e r   f i l m   i s   no t   j o i n e d ,  

t h e   h e a d   a l s o   c o m p r i s i n g   an  a u x i l i a r y   p o l e   f o r m e d  

by  a  b l o c k   of   a  h i g h   p e r m e a b i l i t y   m a g n e t i c   m a t e r i a l  

d i s p o s e d   i n   o p p o s i n g   r e l a t i o n s h i p   w i t h   t h e   ma in   p o l e   a n d  

c a r r y i n g   a  w i n d i n g   t h e r e a r o u n d   t h r o u g h   w h i c h   an  e l e c t r i c a l  

c u r r e n t   r e p r e s e n t i n g   i n f o r m a t i o n   s i g n a l   p a s s e s .  

12.  A  p e r p e n d i c u l a r   m a g n e t i c   h e a d   a c c o r d i n g   t o  

C l a i m   11  in   w h i c h   t h e   m u l t i - l a y e r   f i l m   i s   s p a c e d   a  g i v e n  

d i s t a n c e   u p w a r d l y   f rom  t h e   l o w e r   end  f a c e   of  t h e   ma in   p o l e  

f i l m   w h i c h   i s   d i s p o s e d   in   s l i d i n g   c o n t a c t   w i t h   a  m a g n e t i c  

r e c o r d i n g   m e d i u m .  

13.  A  p e r p e n d i c u l a r   m a g n e t i c   h e a d   a c c o r d i n g   t o  

C l a i m   9  or  11  in   w h i c h   t h e   f i r s t   and  t h e   s e c o n d   j o i n e d  

b l o c k s   a r e   f o r m e d   of  a  n o n - m a g n e t i c   m a t e r i a l   s u c h   a s  

c e r a m i c s   or   v i t r e o u s   g l a s s .  

14.  A  p e r p e n d i c u l a r   m a g n e t i c   h e a d   a c c o r d i n g   t o  

C l a i m   9  or  11  in   w h i c h   one  of  t h e   j o i n e d   b l o c k s   w h i c h  

c a r r i e s   t h e   ma in   p o l e   f i l m   and  t h e   o t h e r   j o i n e d   b l o c k  

c a r r y i n g   no  ma in   p o l e   f i l m   a r e   j o i n e d   t o g e t h e r   by  e p o x y  

r e s i n   a d h e s i v e   w h i c h   has   a  low  v o s c i s i t y .  
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